The use of Oenococcus oeni starter cultures for the induction of malolactic fermentation (MLF) in wine permits control over the timing of the process and the quality of the wine. Successful inoculation of bacterial starter cultures into wine depends on the selection of suitable strains and on the preparation and conservation of those cultures. Medium for Leuconostoc oenos (MLO) is the best medium for easy and rapid growth of O. oeni cultures under laboratory controlled conditions for isolation and identification. However, this study showed that O. oeni cells inoculated in MLO failed to induce MLF in wine while cells grown in Medium of Preculture (MP) or wine, stored at Ϫ20°C or freezedried retained the ability to induce MLF when inoculated in wine. Our results suggest that the use of freeze-dried cultures of O. oeni previously grown in MP is the best choice for industrial application.
Introduction
The production of wine with low levels of malic acid is considered a prerequisite for the commercialization of this beverage. Traditionally, the way to reduce the quantities of this acid has been the spontaneous growth of lactic acid bacteria naturally present in wine, which develop the malolactic fermentation (MLF) i.e. the bacterial conversion of L-malic into L-lactic acid and CO 2 (Kunkee, 1967; Wibowo et al., 1985) . In addition to deacidification, the MLF is considered to contribute to the complexity of wine flavour and to confer a degree of microbiological stability to the wine (Gao & Fleet, 1994; Henick-Kling, 1995; Maicas et al., 1999c) . Several studies have shown that Leuconostoc oenos, recently reclassified as Oenococcus oeni (Dicks et al., 1995) , is adapted to high ethanol concentrations and low pH values in wine and is responsible for MLF . In recent years, starter cultures technologies, involving the inoculation of O. oeni into wine, have been developed for inducing MLF (Edwards et al., 1991; Nielsen et al., 1996) . However, failures usually occur because of the lack of adaptation of cultures to wine or because of cellular damage during storage. As the loss of viability is very high when the cells are directly inoculated into wine, starter cultures need one or more steps of reactivation and adaptation to wine before use in order to enhance the survival of the bacteria (Naouri et al., 1989; Nielsen et al., 1996) .
Our aim is to enhance physiological adaptation of living cells by the incubation in preculture media such as Medium for Leuconostoc oenos (MLO), Medium of Preculture (MP) or wine before wine inoculation. The conditions of a proInternational Journal of Food Science and Technology 2000, 35, 75-79 longed storage by freezing or by freeze-drying, on the survival rates and viability of O. oeni cells in the preculture media, were also investigated.
Materials and methods

Strains and culture conditions
Oenococcus oeni strains were collected from Requena (Eastern Spain), isolated and identified as described by Pardo & Zúñiga (1992) . Cells were cultured in Medium for Leuconostoc oenos (MLO) (Caspritz & Radler, 1983) or in Medium of Preculture (MP) (Maicas et al., 1999b) at 28°C without stirring.
Conservation and determination of stability of malolactic activity of cells during storage
Suspensions of O. oeni strains were stored at Ϫ20°C in glycerol (40% v/v) or freeze-dried in 0.067 M glutamic acid and maintained at 4°C. After one year, the vials were opened and percentages of surviving cells in the vials were determined by spreading onto the MLO plates. Then, cultures were diluted to reach 10 5 cfu mL Ϫ1 , inoculated in Monastrell red wine (pH 3.5) containing 11.1 % (v/v) ethanol and in g L
Ϫ1
: malic acid, 3.5; glucose, 0.06 and fructose, 0.15, and incubated 7 weeks at 20°C. The remaining malic acid quantities were quantified weekly as described by Maicas et al. (1999a) . Wines were also inoculated with a culture grown in wine, to provide a control.
Results
Influence of the culture medium on the production of Oenococcus oeni biomass
The composition of the culture medium influences the adaptation of the malolactic bacteria to the stress conditions in wine (Hayman & Monk, 1982) . The most favourable growth conditions for nutritionally fastidious microorganisms such as O. oeni occurs when a strain is inoculated in a synthetic medium (MLO) including nutritional compounds, e.g. yeast extract, tween-80 or tomato juice (Beelman et al., 1977; Hayman & Monk, 1982) (Fig. 1) . The presence of sufficient nutrients and an appropriate pH permits developments of high levels of biomass, approx 10 9 cfu mL Ϫ1 in 2-3 days (Maicas et al., 1999a) . A recently described complex medium to preculture O. oeni (MP) has been shown to give better adaptation of bacteria to wine conditions (Maicas et al., 1999b) . In the present work we produced 10 10 cfu mL Ϫ1 in 2-3 days, which is a ten-fold increase in the biomass production compared with MLO, the optimum medium to grow O. oeni strains up to date (Fig. 1) . However, red wine was not suitable for direct inoculation with O. oeni strains since many cells died. Cells should be grown in MLO or MP before inoculation in wine in order to avoid loss of viability of the organisms. Successive reinoculations in wine were done without any loss of viability although the nutritional shortage in wine permits development of quantities of biomass of only about 10 7 cfu mL Ϫ1 and requires at least 2-3 weeks for each batch (Fig. 2) .
Storage of cultures: survival and maintenance of malolactic activity
The rates of survival of O. oeni cells in MLO or in wine were higher than those recorded in MP, after the storage for one year at -20°C (Table 1) . Nevertheless, when the living cells were inoculated in fresh wine (about 10 5 cfu mL
Ϫ1
) only cells previously grown and stored in MP or wine were able to perform the MLF in 3-4 weeks. These results were similar to those obtained by direct inoculation to wine of cells growing in wine (Table 2) , providing an acceptable method for storage of cultures. Freeze-dried suspensions of O. oeni cells were also stored for one year to check the survival rate and the retention of their ability to degrade the malic acid. The cells showed a similar performance to that was previously described for storage at 20°C (Table 2) . When cells were grown in MP, less than 10% of the initial cells survived (with the only exception of the O. oeni strain MA4). Stability was improved for some strains grown in MLO or wine (Table 1) . However, mirroring the results for storage at Ϫ20°C, only cells that have gained adaptation by inoculation in MP or wine retained the ability to induce MLF when inoculated in wine (Table 2) . O. oeni strain VV5 was able to degrade L-malic acid, but it took almost two months. As part of this project to optimize the conditions of storage for the retention of malo- a After 7 weeks, malic acid degradation in wine was not detected.
lactic ability, we compared the survival rates for the same O. oeni strain grown in a culture medium and stored by freezing or freeze-drying.
Results showed higher retention of malolactic activity for storage of cells at Ϫ20°C for one year than for freeze-drying, in agreement with results reported by Henick-Kling (1991) . However, malolactic activity and time required to detect MLF were very similar irrespective of cell storage conditions.
Discussion
MLO is the best medium for easy and rapid growth of Oenococcus oeni cultures under laboratory controlled conditions for isolation and identification. However, cells lose their natural resistance to the adverse environmental conditions in wine and fail as starter to induce MLF (Henick-Kling, 1995) . The growth of the starter bacteria in an appropriate preculture medium such as MP (Maicas et al., 1999b) reduces the preparation time of starter cultures, prepares the cells to survive after storage and allows growth in wine. Moreover, cells efficiently perform MLF in wine. Storage at Ϫ20°C is an effective procedure too, but it takes 2-3 months to establish growth in wine. However, this technique also requires growth of cells in adaptation media prior to inoculation to ensure an adequate survival rate. Despite loss of viable cells when stored at Ϫ20°C, MP is a better choice compared with rates recorded in wine, since adapted surviving cells are able to perform MLF immediately after being inoculated in wine. This also involves a reduction of production costs and of contamination problems often linked to starter cultures. The results obtained in freeze-drying experiments were similar to those described for storage at 20°C. The use of freeze-dried cultures is easy and inexpensive in industry.
